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Optimization of nonlinear polymerization processes, used to produce an important and industrially interesting 
class of polymers, poses it’s own specific challenges. These specifics are also reflected in modelling in 
simulating the nonlinearities such as branching and crosslinking, increasing complexity and work load. The 
simplest method describing averages of polymer distributions, the method of moments, was said to fail because 
of the so called “closure” problem. Either the full molecular weight distribution had to be modelled or 
assumptions such as the approximation of higher moments by Hulburt and Katz or “one radical approximation” 
together with quasi steady state assumption for radicals or a statistical distribution of branch points had to be 
used. These approximations, however, fail in the vicinity of the gel point.  
 
Here, an extension of the method of moments is presented that uses none of the above approximations and that 
is valid up to the gel point. The simplicity of the method allows an simple and fast simulation of nonlinear radical 
polymerization processes. It can readily be incorporated into codes for flow sheeting or computational fluid 
dynamics and allows checking more detailed calculations of the molecular weight distribution. 
 
The method relies on the exact, analytic description of the instantaneous molecular weight distribution of newly 
formed linear polymer (that is without branching). Although quite straight forward in the bulk case, emulsion 
polymerization requires taking into account compartmentalization. An alternative approximation valid for the 
whole range from  a 0-1 system with not more than one radical per particle to quasi continuous regime is 
presented. An example for an emulsion polymerization and a bulk polymerization will be discussed. The first 
example describes the optimization calculation to obtain a polymer with a very broad molecular weight 
distribution without crossing the gel point, the second example describes a process optimization to reduce the 
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Figure 9 – Comparison of different modeling methods 
